Aim: The present study was undertaken to characterize the mutation in gyrA (DNA gyrase) and parC (topoisomerase IV) genes responsible for fluoroquinolone resistance in Escherichia coli isolates associated with the bovine mastitis.
Introduction
Quinolones and fluoroquinolones are commonly used antimicrobial agent in both human and veterinary medicine due to its excellent safety profile and their broad spectrum activity against Gram-negative, Gram-positive, mycobacterial pathogen as well as anaerobes [1] . Resistance to quinolones is mainly due to a chromosomal mutation in DNA gyrase of gyrA and topoisomerase IV of parC gene, even though other mechanisms such as efflux pump and plasmid-mediated resistance are reported [2] [3] [4] [5] . These chromosomal mutations are mostly noticed in the highly conserved domain of N-terminus region of gyrA and its analogs region of parC gene, known as quinolone resistance determining region (QRDR) [5] [6] [7] .
Before the early 1990s, fluoroquinolone resistances are rarely noticed, but successful treatment outcomes resulted in an overuse of fluoroquinolones, led to an increased rate of resistance [8] . In countries like India, antimicrobial agents are widely used in food animals as a growth promoter. This non-therapeutic use of antibiotics especially fluoroquinolones are common and as such there is no proper regulation regarding the use of antibiotics in livestock industry [9] . Nowadays, the fluoroquinolone resistance has been reported worldwide [3, 10, 11] .
Hence, the present study was aimed at investigating the occurrence of fluoroquinolone resistance associated with bovine coliform mastitis in Puducherry (Southern India) and detecting the genetic mutations as well as correlations responsible for their resistance from Escherichia coli isolates of animal origin. Available at www.veterinaryworld.org/Vol.9/July-2016/5.pdf
Materials and Methods

Ethical approval
The approval from the Institutional Animal Ethics Committee (IAEC) to carry out this study was not required as no invasive technique was used. Milk samples were being collected from mastitis affected bovines from Veterinary hospitals and Veterinary Dispensaries in Puducherry.
Isolation and identification of E. coli
A total of 92 milk samples were collected from mastitis affected bovines in Puducherry (Southern India) aseptically in sterile vials and cultured in MacConkey's agar/Eosin methylene blue agar for isolation of the organism. The isolated Gram-negative bacteria were identified up to genus level based on the morphology, cultural and biochemical reactions. All the isolates were identified up to species level based on the standard bacteriological methods described by Barrow and Feltham [11] and were further confirmed by polymerase chain reaction (PCR) employing species-specific primer targeting the alanine racemase gene (alr gene) of E. coli [12] with the amplicon size of 366 bp ( Table-1 ). Isolates which were positive by species-specific PCR analysis were stored in glycerol Luria broth at −40°C for further analysis.
Fluoroquinolone susceptibility testing
The minimum inhibitory concentration (MIC) of nalidixic acid, ciprofloxacin, and enrofloxacin were evaluated for the 30 E. coli isolates by resazurin microtiter assay, which is an indicator based broth microdilution method [13] . The test uses resazurin indicator, cation adjusted Mueller-Hinton broth, bacterial suspension with the concentration of 5 × 10 7 cfu/ml and E. coli ATCC 25922 as a control strain. The results were interpreted according to the performance and interpretative guidelines of the Clinical and Laboratory Standard institute [14] .
Genetic amplification of gyrA and parC genes
Five isolates with different ciprofloxacin MIC ranging from 0.5 to 128 μg/ml were selected for genetic analysis of fluoroquinolone resistance. For genetic analysis, the QRDR of the gyrA gene and analogs parC genes was amplified (primers listed in Table- 1) with the amplicon size of 190 bp and 265 bp, respectively [15, 16] . The template DNA from the E. coli isolates was extracted by boiling lysis method for the PCR assay [17] . The PCR-amplification of QRDR regions was carried out using 100 ng template DNA, 5 μl ×10 PCR buffer, 2 mM MgCl 2 , 1 μl of 10 mM deoxynucleotide triphosphates, 10 μM of forward and reverse primers, 2U of Taq DNA Polymerase (New England Bio Labs) and the volume was made up to 50 μl with nuclease free water. The template DNA from E. coli ATCC 25922 strain was used as positive control. The PCR amplification consisted of initial denaturation at 95°C for 5 min followed by 35 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at 68°C for 1 min, followed by a final extension at 68°C for 10 min. The PCR amplified products were resolved on 1.5% agarose gel in tris acetate ethylenediaminetetraacetic acid buffer and visualized under ultraviolet transilluminator (Syngene, UK).
Genetic analysis
The amplified PCR products targeting two different genes for the five isolates were gel purified using a by Perfectprep gel cleanup kit (Eppendorf) and custom sequenced for both directions (5'-3' and 3'-5') with the same set of the primer pair, using the Automated Sequencer, Applied Biosystem 3100. The specificity of the sequences obtained, the nucleotide variations and amino acid variations with respect to the gyrA and parC genes sequence of E. coli strain were determined using basic local alignment search tool (http:// blast.ncbi.nlm.nih.gov/Blast.cgi). The obtained nucleotide sequences of gyrA and parC genes of five isolates were aligned with the sequence of E. coli K-12 MG1655 genome using ClustalW (www.ebi.ac.uk/ clustalw) and analyzed for the nucleotide variation in their gene. The 10 sequences (5 gyrA and 5 parC genes sequence) under the study were submitted in Genbank under the accession numbers JX446586, JX446587, JX446591, JX446592, JX446594 (gyrA gene); JX446596, JX446597, JX446601, JX446602, JX446604 (ParC gene).
Results and Discussions
Out of 92 milk samples collected from mastitis case, 30 were successfully isolated and confirmed to be E. coli with the species-specific PCR analysis (Figure-1) .
Fluoroquinolone susceptibility testing
The MIC results for the 30 E. coli isolates to nalidixic acid, ciprofloxacin, and enrofloxacin were showed in Table- 2. The MIC resistant breakpoint for nalidixic acid, ciprofloxacin, and enrofloxacin was >32, ≥4, and ≥2 μg/ml, respectively. The MIC value for nalidixic acid ranged from 4 to >1024 μg/ml. Of the 30 [18] reported low fluoroquinolone resistance rate with the cure rates of 91.67% for enrofloxacin and 90.15% for ciprofloxacin (90.15%) in the treatment of clinical bovine mastitis, whereas, in our study, 63.33% of the E. coli isolates were resistant to nalidixic acid, 23.33% to ciprofloxacin and 30.03% to enrofloxacin, which is in increasing side. It is observed that 19 isolates which were resistant to nalidixic acid (≥32 μg/ml to ≥1024 μg/ml), showed either resistance or reduced susceptibility to fluoroquinolones used in our study. According to Livemore [19] , isolates with reduced susceptibility to fluoroquinolones may become resistant in the period of time and evolution of such reduced susceptibility to quinolone is a serious concern due to rapid rising rates of fluoroquinolone resistance in many parts of the world. Resistance to one fluoroquinolone may confer resistance to other fluoroquinolones [20] . In our study, 23.33% of the isolates were cross-resistance to ciprofloxacin as well as enrofloxacin.
Genetic analysis
Sequence analysis of the 190 bp PCR product size covering the QRDR of gyrA showed the presence of mutation at codon 83 Ser Leu (TCG TTG) of gyrA gene in all five isolates sequenced (Figure-2a) . Several studies reports that the substitution at codon 83 is the most common and consistent mutation found in the fluoroquinolone-resistant E. coli strains [3, 17, 20] . Four out of five isolates (except CM4) also had a second mutation at 87 th codon Asp Asn of gyrA gene (GAC AAC). Mutation at these two codons (83 rd and 87 th codon) of GyrA protein is responsible for causing high-level of quinolone resistance than the mutation at other codons within the QRDR [20] .
With respect to parC, isolate CM4, which had a single mutation in gyrA did not have any mutation in QRDR of parC gene, whereas the rest four isolates having double mutation in gyrA gene also had mutation/s in parC gene (Figure-2b) . Among five isolates, four had a third mutation at codon 80 Ser Ile (AGC ATC) of QRDR of parC gene, which is analogous to 87 th codon of gyrA gene. Out of four isolates bearing a third mutation in parC, one isolates (CM1) had a fourth mutation at 108 th codon Ala Thr (GCG ACG). One isolates (CM4) with a single mutation in gyrA did not exhibit any mutation in parC. This is because according to the currently accepted alternating-target model, highlevel fluoroquinolone resistance in E. coli develops by stepwise acquisition of target mutations, in which DNA gyrase is the primary target and topoisomerase IV is the secondary target for fluoroquinolones in E. coli [21] [22] [23] . Most common mutation noticed were at S83 L and D87 N of gyrA and S80 I of ParC in our study (Table-3) .
The relationship between the number of mutation/s and their MIC values are shown in Table- 3. The correlation between MIC value and mutation pattern were investigated to determine the potential mechanism of fluoroquinolone resistance. The previous studies by different researchers [23] suggest that there is correlation between the number of changes in gyrA and parC genes and the level of quinolone resistance in E. coli strains. Although our study is small to explain the correlation, it is noticed that isolate with single mutation in gyrA and no mutation in parC showed low-level of fluoroquinolone resistance with ciprofloxacin MIC of 0.5 μg/ml and enrofloxacin MIC of 4 μg/ml, whereas isolates with three mutations (two in gyrA and one in parC) were associated with moderate to high level of resistance to fluoroquinolone with MIC of ciprofloxacin and enrofloxacin ranging from 16 to 128 μg/ml and 32-256 μg/ml, respectively. One isolate with four mutations (two in gyrA and two in parC) showed the highest level of resistance to fluoroquinolone with ciprofloxacin and enrofloxacin MIC of 128 and 512 μg/ml; respectively. The amino acid substitutions observed, in this study, were similar to that of mutations reported from isolates of human origin [24] .
Conclusion
Antimicrobial agents have been used in livestock and poultry since the early 1950s to treat infection, improve growth and feed efficiency [18] . Overuse and misuse of antimicrobial agent led to an increased antimicrobial resistance around the world leading to treatment failures in infectious diseases of human and animal. Mutations in QRDR of gyrA and parC genes are important for developing high-level of fluoroquinolone resistance in E. coli isolates. The present study revealed the prevalence of fluoroquinolone resistance in E. coli of animal origin. There is increased rate of fluoroquinolone resistance with high-level of MIC and presence of chromosomal mutation/s at QRDR (gyrA and parC genes) of fluoroquinolone-resistant E. coli isolates of bovine mastitis milk samples. These mutation patterns from the animal isolate were similar to that of human isolate with no significant differences.
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